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DESCRIPTION 

ENGINE STARTING APPARATUS AND METHOD 

5 Technical Field 

The present invention relates to an engine starting apparatus 
which includes a starter motor and a power transmission mechanism 
to transmit the power from the starter motor, used in starting an 
engine of a vehicle, as well as an engine starting method. 

10 

Background Art 

In this type of engine starting apparatus, a crankshaft of the 
engine and the starter motor are connected via a one-way clutch. In 
the engine starting apparatus, if the engine runs in reverse rotation 
15 for some reasons, an excessive load is generated in the starter motor 
in some cases. 

Thus, there is suggested an engine starting apparatus in 
which a reverse-rotation prevention clutch is mounted on an output 
shaft of the starter motor (e.g. refer to Japanese Patent Application 

20 Laying Open NO. 2003-83216). According to the apparatus 
disclosed by this application, by the action of a reverse-input cutoff 
clutch, a torque from the engine is not transmitted to the starter 
motor, regardless of the normal or reverse direction of the engine. 
Therefore, it is considered that even if the engine runs in the reverse 

25 rotation, the starter motor can be kept in a good condition. 
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Disclosure of Invention 

However, a reverse-rotation cutoff clutch transmits a torque 
output from the starter motor to the engine, regardless of the 
rotational direction of the engine. Therefore, even if the engine 
5 runs in the reverse rotation, once the starter motor is rotated, then, 
the torque of the starter motor is transmitted to the engine. In such 
circumstances, the starter motor causes the engine that is running in 
the reverse rotation to run in normal rotation, and an unexpected 
excessive load is generated in the starter motor. Because of such an 

10 excessive load, the engine starting apparatus has a risk that not only 
the starter motor but also even a gear and a one-way clutch, which 
are power transmitting devices between the starter motor and the 
engine, may be damaged. 

It is therefore an object of the present invention to provide an 

15 engine starting apparatus and an engine starting method, which are 
capable of preventing the damage of a starter motor and a power 
transmission mechanism, caused by the reverse rotation of an 
engine. 

The above object of the present invention can be achieved by 
20 an engine starting apparatus provided with: a motor for 
transmitting a torque to an engine of a vehicle to rotate the engine; 
and a motor controlling device for prohibiting rotation of the motor if 
the engine runs in reverse rotation. 

The engine starting apparatus is used for an engine of a 
25 vehicle. The "vehicle" conceptually includes an automobile, a 
two-wheeled vehicle, a motorized bicycle, and all that is recalled 
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generally as a vehicle whose power source is an engine. The 
"engine" mainly indicates an internal combustion engine, such as a 
gasoline engine and a diesel engine. Further, the "engine" includes 
an engine partially including the combustion engine, such as a 
hybrid engine. For example, the engine explodes and combusts fuel 
in a combustion chamber in a cylinder of the internal combustion 
engine, and moves a piston by the power of the explosion and the 
combustion. In general, the engine of the automobile or the like has 
such a construction that the reciprocating motion of the piston is 
converted to rotational motion via the crankshaft or the like. 
Incidentally, if the engine starting apparatus of the present 
invention is used for such an engine, it is obvious that the type of fuel, 
the number or volume of the cylinders, the number of cycles, and the 
like are not limited. 

The "motor" in the engine starting apparatus is a motor for 
rotating the engine of the vehicle. Moreover, the "rotation" is not 
the rotation of the engine to run the vehicle. The "rotation" mainly 
indicates the rotation of the engine to start the engine that is in a 
stop condition. However, it is no problem if the motor plays both 
roles of a motor for power output and a motor for start, in the hybrid 
engine. Such rotation for starting the engine can be performed 
except during the stop of the engine in some cases, but this case is 
also included in the scope of the "rotation". As the rotation 
described above, there is the starting rotation of the engine by a 
starter apparatus. As the motor in this case, there is a starter 
motor used for the starter apparatus. When the engine is started, 
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for example, the starter motor is electrically rotated by the power of a 
battery or the like, and the rotational power or torque is transmitted 
to the crankshaft of the engine via a proper transmitting device, to 
thereby mechanically rotate the engine. During the rotation, 
5 processes of fuel intake, compression, explosion, and exhaust are 
started, and afterward, the engine spontaneously repeats these 
processes without the starter apparatus, and continues the rotation 
until a stop command is issued, for example, until a driver stops the 
engine of the vehicle. Incidentally, the "proper transmitting device" 

10 is generally a transmission mechanism constructed from a 
combination of the gear, the one-way clutch, and the like. 

In the engine starting apparatus, "if the engine runs in the 
reverse condition" indicates the case where the engine rotates or 
turns in a different direction from the direction of the starting 

15 rotation (i.e. normal rotation) obtained by the motor in the present 
invention. Normally, if the engine spontaneously rotates, such 
reverse rotation does not occur, however, during the stop of the 
engine, particularly, immediately after the engine stops, the reverse 
rotation or reverse turn likely occurs because the engine can rotate in 

20 the both direction physically. Incidentally, such reverse rotation is 
typically less than a half turn if converted to the rotation angle of the 
crankshaft, in terms of characteristics of the engine. Even a slight 
reverse rotation possibly causes a problem such as the increase in a 
load to the motor and the damage of the transmission mechanism, as 

25 described above. 

The motor controlling device in the present invention 
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performs such control that it prohibits the rotation of the motor, in 
the reverse rotation condition of the engine. In this case, "prohibit" 
means to prohibit the rotation electrically, mechanically or in 
accordance with a software program. Moreover, it indicates a broad 
5 conception including all of the aspects that the reverse rotation of the 
engine does not cause the excessive load of the motor, such as cutting 
off power distribution to the motor, controlling not to operate the 
motor in accordance with the software program, or controlling not to 
rotate the motor physically, or the like. 

10 According to the engine starting apparatus, the motor does not 

rotate when the engine runs in the reverse rotation. Therefore, the 
excessive load is not generated in the motor, which likely prevents 
the damage of the motor. It is also possible to prevent the damage of 
the transmission mechanism, such as the gear or the clutch 

15 connected to the motor and the engine. Moreover, because the 
possibility of the damage of each member of the transmission 
mechanism can be lowered as described above, it is possible to 
construct the transmission mechanism, such as the gear between the 
motor and the engine, from a light and inexpensive material, such as 

20 resin, so that a significant effect can be achieved on reduction in 
weight and on reduction in cost. 

Incidentally, the engine starting apparatus of the present 
invention is preferably used for the starter apparatus which operates 
by turning an engine key. However, the present invention can be 

25 used for other various types of apparatus. 

In one aspect of the engine starting apparatus of the present 
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invention, the engine starting apparatus is further provided with a 
reverse-rotation detecting device for detecting whether or not the 
engine runs in the reverse rotation. 

The "reverse-rotation detecting device 11 in this aspect may 
5 directly detect the rotational direction or turning direction of the 
engine, or may detect the rotation direction of something 
corresponding to the rotational direction of the engine, for example, 
the rotational direction of a tire. The rotational direction of the tire 
corresponds to the rotational direction of the engine if it is known for 

10 which direction a transmission is the normal direction or the reverse 
direction. Moreover, even if placed originally for another purpose, 
like an apparatus for detecting a vehicle speed, but if applicable to 
the detection of the reverse rotation in accordance with its structure 
and type, all of this kind may be included in the reverse-rotation 

15 detecting device in the present invention. 

In one aspect of the engine starting apparatus having the 
reverse-rotation detecting device, the reverse-rotation detecting 
device detects whether or not the engine runs in the reverse rotation 
by detecting a rotational direction of a crankshaft in an arbitrary 

20 cylinder in the engine. 

The crankshaft is coupled to the piston in the cylinder. The 
piston repeats its reciprocating motion, as described above, and the 
piston converts the linear reciprocating motion to rotational motion. 
Therefore, the rotational direction of the crankshaft corresponds to 

25 the rotational direction of the engine. 

As one example of the reverse-rotation detecting device 
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associated with this aspect, there is a reverse-rotation detecting 
device provided with two pulse sensors in the vicinity of teeth 
surfaces of a crank gear that is driven and rotated by the crankshaft. 
The pulse sensors generate pulses in each passage of the gear teeth. 
5 Therefore, it is possible to detect the rotational direction of the 
crankshaft from the timing of the pulses output from the two pulse 
sensors. Moreover, the use of a vehicle speed pulse allows the 
detection of the rotational direction of the engine. 

According to this aspect, it is possible to detect the rotational 

10 direction of the engine in real time, and it is possible to preserve the 
motor and the surrounding parts more surely. 

In another aspect of the engine starting apparatus of the 
present invention, the engine starting apparatus is further provided 
with a reverse-rotation "estimating device for estimating whether or 

15 not the engine runs in the reverse rotation. 

In an operation process of the engine, the incidence of the 
reverse rotation is extremely lower than that of the normal rotation, 
so in some cases, this may cause the case where the reverse rotation 
condition is shown only for an extremely short time. In such a case, 

20 if the reverse rotation is tried to be detected after the engine starts to 
run in the reverse rotation, in some cases, the reverse-rotation itself 
cannot be detected, or the reverse rotation is already ended at a time 
point of detecting the reverse rotation. However, even the rotation 
of the starter motor during such a short time causes the damage of 

25 the motor. "Estimate" in this aspect indicates a conception in which 
it is estimated whether or not the reverse rotation is generated, from 
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a variety of mechanical, electrical, or physical conditions of the 
engine, experimentally, experientially, theoretically, or 
simulationally. By estimating the reverse rotation of the engine in 
advance in this manner, the rotation of the motor will be already 
5 prohibited when the engine starts to run in the reverse rotation, so 
that the damage of the motor is prevented. 

In one aspect of the engine starting apparatus having the 
reverse-rotation estimating device, the reverse-rotation estimating 
device has a compression-condition detecting device for detecting a 

10 compression condition of a gas in an arbitrary cylinder in the engine 
and estimates whether or not the engine runs in the reverse rotation 
on the basis of the compression condition obtained by a detection 
result by the compression-condition detecting device. 

The "gas" described here mainly means vaporized fuel. In the 

15 condition that the engine spontaneously rotates, each of the 
processes of intake, compression, explosion, and exhaust is repeated. 
In the cylinder which is in the compression process during the stop of 
the engine, the piston is pressed back by a reaction force of the 
compressed gas and the engine runs in the reverse rotation for a 

20 moment. Therefore, "the compression condition of the gas" defined 
in this aspect indicates two conditions, at the very least, of whether 
or not the piston can be pressed back by the compressed gas. 
Inevitablly, the "compression-condition detecting device" 
conceptually indicates what can judge the two conditions at the very 

25 least. 

Moreover, in another aspect of the compression-condition 
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detecting device, the compression-condition detecting device detects 
the compression condition of the gas on the basis of a rotation angle 
of a crankshaft in the arbitrary cylinder. 

In the engine having such an aspect that the piston is coupled 
5 to the crankshaft, the rotation angle of the crankshaft corresponds to 
a process currently performed in the cylinder. Namely, if the 
rotation angle of the crankshaft corresponding to the compression 
process is known in advance, it is possible to detect the presence or 
absence of the cylinder which is in the compression process, from the 

10 rotation angle of the crankshaft. For example, in a normal vehicle, 
a crank angle is always monitored by using a crank angle sensor, to 
control the ignition timing of the engine. By extracting a signal 
from the crank angle sensor, it is possible to judge whether or not the 
piston is at a position where the piston is pressed back by the 

15 reaction force of the compressed gas. Moreover, with respect to the 
detection of the reverse rotation of the engine, the aspect of providing 
the two pulse sensors is explained, but if there is only a crank angle 
which is not accompanied by the rotational direction, the 
measurement can be performed by one sensor. 

20 In another aspect of the engine starting apparatus of the 

present invention, the motor controlling device controls the motor to 
start the engine which is stopped while the vehicles stops, in 
accordance with a start command. 

In general, such control is referred to as Economy Running 

25 (Eco-Run) control. The "stop of the vehicle" described here indicates 
the situation that the vehicle stops mainly during use, for example, 
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the situation that the vehicle stops at traffic lights while driving. 
In the stop condition of the vehicle, the engine automatically stops 
under the Eco-Run control. In the engine stop condition, the engine 
is re-started if a predetermined action is performed. This 

5 "predetermined action" is, for example, an action of pressing an 
accelerator pedal by a predetermined amount. It indicates a 
conception including all of the aspects that the engine starting 
apparatus can receive the operations or actions as a command for 
starting the engine, namely, the above-described "start command". 

10 Incidentally, after this predetermined action is performed, the 

situation that the vehicle stops and the engine is started may happen 
depending on circumstances, but the Eco-Run control is performed to 
increase the consumption efficiency of fuel, and in a range in which 
the effect is secured, such a situation is also included in this aspect. 

15 Under the Eco-Run control, for example, in the case where the 

vehicle stops on a steep slope and the engine is stopped once, if a 
clutch pedal is engaged more quickly than the predetermined action 
for re-starting the engine, the vehicle moves backward and thus the 
engine may run in the reverse rotation. Namely, under the Eco-Run 

20 control, there are more chances that the reverse rotation of the 
engine occurs than a general vehicle, which increases the risk of the 
damage of the starter motor. According to this aspect, however, 
such a risk can be reduced significantly, so that it is efficient. 

Moreover, under the Eco-Run control, the engine is repeatedly 

25 stopped and started frequently, so that if a battery of a charge type is 
used as the power of the engine starting apparatus, the frequency of 
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use of the battery increases as well. In such a condition, there is a 
possibility that the battery becomes in an excessive discharge 
condition and the stopped engine cannot be started. In preparation 
for this case, under the Eco-Run control, such control is performed 
5 that the residual quantity of electricity accumulation of the battery 
is monitored, and if it reaches to a certain level, the start command is 
issued to start the engine, regardless of a departure command for the 
vehicle (for example, while the vehicle is stopped), to thereby 
maintain the amount of the electricity accumulation at a sufficient 
10 level. A signal output on the basis of the residual quantity of the 
electricity accumulation of the battery, as described above, is also 
included in the above-described "predetermined action" in a broad 
meaning. 

The above object of the present invention can be also achieved 
15 by an engine starting method used for an engine starting apparatus 
provided with: a motor for transmitting a torque to an engine of a 
vehicle to rotate the engine; and a motor controlling device for 
prohibiting rotation of the motor if the engine runs in reverse 
rotation, the motor controlling device controlling the motor to start 
20 the engine which is stopped while the vehicles stops in accordance 
with a start command, the engine starting method provided with: a 
first process of receiving the start command; a second process of 
judging whether or not the engine runs in the reverse rotation if the 
start command is received; and a third process of controlling the 
25 motor to start the engine if it is judged in the second process that the 
engine does not run in the reverse rotation. 
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These functions and other advantages of the present invention 
will be apparent from the following description of embodiments. 

Brief Description of Drawings 
5 FIG. 1 is a half sectional view conceptually showing a power 

output apparatus in an embodiment of the present invention; 

FIG. 2 is a block diagram of an engine starting apparatus in 
the embodiment of the present invention; and 

FIG. 3 is a flowchart explaining the operation of the engine 
10 starting apparatus. 

Best Mode for Carrying Out the Invention 

The best mode for carrying out the present invention will be 

hereinafter explained in order, with reference to the drawings. 
15 At first, the structure and operation of a power output 

apparatus, which includes an engine starting apparatus, a 

transmission mechanism, and an engine, in an embodiment of the 

present invention will be explained with reference to FIG. 1. FIG. 1 

conceptually shows the power output apparatus. 
20 In FIG. 1, the power output apparatus in the embodiment 

includes: an engine starting apparatus 10; a transmission 

mechanism 100; and an engine 20. 

The engine starting apparatus 10 is an apparatus for rotating 

to start the engine 20, and is provided with: a starter motor 12 and a 
25 control apparatus 11 for controlling the start operation of the starter 

motor 12. The detailed structure and operation of the engine 
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starting apparatus 10 will be described later (refer to FIG. 2 and FIG. 
3). 

The engine 20 is a general gasoline engine. For convenience 
of understanding, FIG. 1 shows only one engine 20, but a plurality of 
5 engines 20 are connected to a crankshaft 151. It is constructed such 
that, during combustion, pistons, connection rods and other members 
of the engine 20 move in the normal direction, with the rotation of 
the crankshaft 151. 

The transmission mechanism 100 is placed between the engine 
10 starting apparatus 10 and the engine 20, and is constructed to 
transmit a torque output from the engine starting apparatus 10 to 
the engine 20 in order to start the engine 20. The transmission 
mechanism 100 substantially has the following structure. 

A starter gear shaft 110 is a rotation shaft for inputting the 
15 torque from the starter motor 12 to the transmission mechanism 100. 
A starter gear 111 is fixed around the starter gear shaft 110 and can 
rotate with the starter gear shaft 110 in one body in the same 
direction. 

A sub-driven gear 120 is engaged with the starter gear 111. 
20 The sub-driven gear 120 is engaged with a driven gear 122 which is 
fixed around a driven gear shaft 121. By the driven gear 122, the 
driven gear shaft 121 rotates with the driven gear 122 in the same 
direction. 

An intermediate gear 130 is fixed around an intermediate gear 
25 shaft 131. Between the intermediate gear 130 and the driven gear 
122, there is a one-way clutch 140 placed, which is supported by a 
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bearing 141 and other supporting members. 

A crank gear 150 is engaged with the intermediate gear 130. 
The crank gear 150 is fixed around a crankshaft 151. The 
crankshaft 151 rotates in accordance with the rotation of the crank 
5 gear 150. The crankshaft 151 is connected to the pistons of the 
engine 20 via the connection rods and other members which are not 
illustrated. 

Under the construction described above, when the starter 
motor 12 of the engine starting apparatus 10 rotates in order to start 
10 the engine 20 , the rotation is converted to the rotations of the starter 
gear 111, the driven gear 122, the one-way clutch 141, the 
intermediate gear 130, and the crank gear 150, and transmitted to 
the crank shaft 151. By the rotation of the crank shaft 151, the 
engine 20 starts. The direction of the rotation of the engine 20 at 
15 this time is the normal direction of the engine 20. 

Next, the structure of the engine starting apparatus 10 will be 
explained with reference to FIG 2. FIG. 2 is a block diagram 
showing the engine starting apparatus 10. 

In FIG. 2, the control apparatus 11 is an apparatus for 
20 controlling the operation of the engine starting apparatus 10. The 
starter motor 12 is a motor for starting the engine 20 and is 
connected to a not-illustrated power source and electric wirings. 
The starter motor 12 rotates in a predetermined direction by the 
control of the control apparatus 11. This torque is transmitted to 
25 the starter gear shaft 110 (FIG. 1). 

A step-amount detection apparatus 13 is connected to a 
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not-illustrated accelerator pedal and has a sensor function of 
detecting a step amount of the accelerator pedal. If the accelerator 
pedal is pressed by a predetermined amount or more, a start 
command pulse is output from the step-amount detection apparatus 
5 13 to the control apparatus 11. The control apparatus 11 receives 
the start command pulse as a start command for the engine 20. 

There are various techniques to detect the reverse-rotation of 
the engine. In the embodiment, the technique of detecting the 
rotational direction of the crankshaft is selected. Namely, the 

10 reverse-rotation detection sensor 14 has two rotation-pulse sensors, 
which are not illustrated, for detecting the rotational direction of the 
crankshaft 151. If detecting the reverse rotation of the engine 20, 
the reverse-rotation" detection sensor 14 outputs a reverse-rotation 
detection pulse to the control apparatus 11. Moreover, a tachometer 

15 15 is an apparatus for measuring the number of rotations or 
rotational speed of the engine 20. 

Next, the operation of the engine starting apparatus 10 will be 
explained with reference to FIG. 3. FIG. 3 shows an engine starting 
process performed by the control apparatus 11. Incidentally, the 

20 engine starting apparatus 10 in the embodiment is used for a vehicle 
under the Eco-Run control. FIG 3 explains the engine starting 
process of starting the engine from a stop condition by the Eco-Run 
control. 

In FIG. 3, at first, the control apparatus 11 judges the 
25 presence or absence of the engine start command (step S10). The 
embodiment is constructed such that the engine 20 is re-started by 
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pressing the accelerator pedal by the predetermined amount or more. 
The control apparatus 11 detects the presence or absence of the start 
command pulse as being the output of the step-amount detection 
apparatus 13, at constant clock timing. If the start command pulse 

5 is not detected (the step S 10: NO), the control apparatus 11 repeats 
the step 10 until the start command pulse is detected. If the start 
command pulse is detected (the step S10: YES), the control apparatus 
11 subsequently judges whether or not the engine 20 runs in the 
reverse rotation (step S20). 

10 The control apparatus 11 detects the presence or absence of 

the reverse-rotation detection pulse as being the output of the 
reverse-rotation detection sensor 14. If the reverse-rotation 
detection pulse is detected (the step S20: YES), the control apparatus 
11 regards that the engine 20 is rotating in the reverse direction, and 

15 returns the engine starting process to the step S10 again. Then, the 
step 10 and the step 20 are repeated until the reverse rotation ends. 
If the reverse-rotation detection pulse is not detected (the step S20: 
NO), the control apparatus 11 regards that the engine 20 is not 
rotating in the reverse direction, and starts power distribution to the 

20 starter motor 12, to thereby rotate the starter motor 12 (step S30). 

The control apparatus 11 is connected to not-illustrated 
engine control apparatuses for performing the supply of fuel to the 
engine 20, ignition timing control and other processes. If the 
starter motor 12 is rotated by the step S30, the torque of the starter 

25 motor 12 is converted to the rotation of the crankshaft 151, and 
further converted to the reciprocating motion of the pistons. This 
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engine control apparatus performs the supply of fuel, ignition and 
other necessary processes, at proper timings, during the starting 
rotation obtained by the engine starting apparatus 10, to thereby 
start the spontaneous rotation of the engine 20. 
5 Then, the control apparatus 11 confirms the number of 

rotations of the engine 20 by referring to the tachometer 15, and 
performs a full explosion judgment (step S40). The full explosion 
judgment is to judge whether or not the rotation of the engine 20 is 
stabilized. In the embodiment, it is judged by whether or not the 

10 number of rotations of the engine 20 is more than or equal to 400 
revolutions per minute (rpm) and by whether or not it does not lower 
than the number of the rotations of the engine during a constant 
period. It is obvious that this judgment standard is not limited to 
this aspect. If it is judged that the number of rotations of the engine 

15 20 is not stabilized (the step S40: NO), the control apparatus 11 
returns the engine starting process to the step S30, and continues the 
power distribution to the starter motor 12, to thereby keep the 
starter motor 12 rotating. If it is judged that the rotation of the 
engine 20 is stabilized (the step S40: YES), the control apparatus 11 

20 cuts off the power distribution to the starter motor 12 to stop the 
starter motor 12 (step S50), and ends the engine starting process in 
the embodiment. 

In the embodiment, the method of detecting the 
reverse-rotation of the engine is not limited to the exemplified aspect 

25 in the above-described step S20. For example, it is possible to 
detect the reverse-rotation of the engine in the following manner. 
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For example, two sensors may be placed in the vicinity of the 
outer circumference of a rotation element, such as flywheel, which 
rotates with the engine. The sensors monitor the passage of gear 
teeth, which are formed in the outer circumference of the rotation 
5 element and arranged at regular intervals in the circumferential 
direction. Moreover, the two sensors are placed such that the 
waveforms of their pulse signals which are generated in each passage 
of the gear teeth mutually have a phase difference. Here, the pulse 
output from each sensor is input to an operation circuit, and a 

10 deviation signal obtained by subtracting one signal from the other is 
output from the operation circuit. If the deviation signal is filtered 
by a filter device including a differential element, the output signal 
includes an excessive pulse waveform -caused by transient features. 
A process pulse signal, which is obtained by inputting the output 

15 signal to a comparison circuit, varies greatly depending on the 
rotational direction of the engine because of the excessive pulse, by 
which it is possible to detect the rotational direction of the engine. 

Moreover, the rotational direction of the engine can be also 
detected by using a crankshaft angle sensor and a camshaft angle 

20 sensor. For example, two different crankshaft positions, which are 
detected by the crankshaft angle sensor for monitoring a crankshaft 
sensor wheel, are assigned to a predetermined camshaft position, 
which is detected by the camshaft angle sensor for monitoring a 
camshaft sensor wheel. The two crankshaft positions correspond to 

25 the normal rotation and reverse rotation of the engine, respectively. 
By knowing which crankshaft position is detected, it is possible to 
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judge the rotational direction of the engine. 

Moreover, the following aspect can be also used. Namely, in 
the outer circumference of a circular member, which is driven to 
rotate in synchronization with the rotation of the engine, two 
5 indicators are placed, with each indicator having a different angular 
width. A sensor is placed in the vicinity of the outer circumference 
of the circular member. This sensor generates such a pulse that has 
a time width corresponding to the angular width of each indicator. 
In such a construction, a ratio (a)/(b) varies depending on the 

10 rotational direction of the engine, wherein (a) is a time length from 
the end of a first pulse, whose time width is short, to the end of a 
second pulse, whose time width is long, and (b) is a time length from 
the end of the first pulse to the start of a next first pulse. Therefore, 
by comparing these, it is possible to judge the normal or reverse 

15 direction of the rotational direction of the engine. 

Incidentally, the embodiment is constructed such that the 
start command for starting the engine 20 is output to the control 
apparatus 11 by pressing the accelerator pedal while a vehicle stops. 
As described above, however, such a case is also conceivable that the 

20 command for starting the engine 20 is output depending on the 
residual quantity of a battery as being a power source for the starter 
motor 12, independently of the step of the accelerator pedal, to 
thereby start the starter motor 12. 

The present invention is not limited to the above-described 

25 embodiments, and changes may be made, if desired, without 
departing from the scope or spirit of the invention which can be read 
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from the claims and the entire specification. An engine starting 
apparatus and an engine starting method that accompany such 
changes are also intended to be within the technical scope of the 
present invention. 

Industrial Applicability 

An engine starting apparatus and an engine starting method 
that are associated with the present invention can be applied to an 
internal combustion engine in a general vehicle, such as an 
automobile and a two-wheeled vehicle, whose power source is the 
engine. 



